Control of photosynthetic sucrose synthesis by fructose-2,6-bisphosphate : Intercellular metabolite distribution and properties of the cytosolic fructosebisphosphatase in leaves of Zea mays L.
The metabolite levels in the mesophyll of leaves of Zea mays L. have been compared with the regulatory properties of the cytosolic fructose-1,6-bisphosphatase from the mesophyll to show how withdrawal of triose phosphate for sucrose synthesis is reconciled with generation of the high concentrations of triose phosphate which are needed to allow intercellular diffusion of carbon during photosynthesis. i) A new technique is presented for measuring the intercellular distribution of metabolites in maize. The bundle-sheath and mesophyll tissues are partially separated by differential homogenization and filtration through nylon nets under liquid nitrogen. ii) considerable gradients of 3-phosphoglycerate, triose phosphate, malate and phosphoenolpyruvate exist between the mesophyll and bundle sheath which would allow intercellular shuttles to be driven by diffusion. These gradients could result from the distribution of electron transport and the Calvin cycle in maize leaves. iii) consequently, the mesophyll contains high concentrations of triose phosphate and fructose-1,6-bisphosphate. iv) Most of the regulator metabolite fructose-2,6-bisphosphate, is present in the mesophyll. v) The cytosolic fructose-1,6-bisphosphatase has a lower substrate affinity than that found for the enzyme from C3 species, especially in the presence of inhibitors like fructose-2,6-bisphosphate. vi) This lowered affinity for substrate makes it possible to reconcile use of triose phosphate for sucrose synthesis with the maintenance of the high concentration of triose phosphate in the mesophyll needed for operation of photosynthesis in this species.